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METHOD AND SYSTEM USING ACOUSTIC 
EJECTION FOR SELECTIVE FLUID DEPOSITION 

ON A NONUNIFORM SAMPLE SURFACE 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] This is a continuation-in-part of US. patent appli 
cation Ser. No. 10/087372, ?led Mar. 1, 2002, Which is a 
continuation-in-part of US. patent application Ser. No. 
10/066,546, ?led Jan. 30, 2002, Which is a continuation-in 
part of US. patent application Ser. No. 09/784,705, ?led 
Feb. 14, 2001, the disclosures of Which are incorporated by 
reference herein. 

TECHNICAL FIELD 

[0002] This invention relates generally to methods and 
devices for selectively depositing ?uids on a nonuniform 
sample surface according to variations in a surface charac 
teristic. More particularly, the invention relates to the use of 
noZZleless acoustic ejection to deposit droplets of analysis 
enhancing ?uid on sample surface sites selected according to 
the surface characteristic at the sites. The invention is 
especially useful in enhancing the compositional analysis of 
the biological samples and in the mass spectrometric imag 
ing of tissue surfaces. 

BACKGROUND 

[0003] Mass spectrometry is a Well-established analytical 
technique in Which sample molecules are ioniZed and the 
resulting ions are sorted by mass-to-charge ratio. As the 
requirements for surface analytical techniques have become 
more exacting, [advances in mass spectrometry have made 
it possible to obtain in-depth information regarding a Wide 
variety of sample surface types. In the semiconductor indus 
try, for example, secondary ion mass spectrometry has been 
used to determine the composition of a microscopic region 
of a Wafer surface. In addition, in the biotechnology arena, 
surface-based mass spectrometry has been used to analyZe 
single nucleotide polymorphisms in microarray formats. 
See, e.g., US. Pat. No. 6,322,970 to Little et al. 

[0004] Matrix-Assisted Laser Desorption IoniZation 
(MALDI) is an ioniZation technique often used for mass 
spectrometric analysis of large and/or labile biomolecules, 
such as nucleotidic and peptidic oligomers, polymers, and 
dendrimers, as Well as for analysis of nonbiomolecular 
compounds, such as fullerenes. MALDI is considered a 
“soft” ioniZing technique in Which both positive and nega 
tive ions are produced. The technique involves depositing a 
small volume of sample ?uid containing an analyte on a 
substrate comprised of a photon-absorbing matrix material 
selected to enhance desorption performance. See Karas et al. 
(1988), “Laser Desorption IoniZation of Proteins With 
Molecular Masses Exceeding 10,000 Daltons,”Anal. Chem, 
60:2299-2301. The matrix material is usually a crystalline 
organic acid that absorbs electromagnetic radiation near the 
Wavelength of the laser. When co-crystalliZed With analyte, 
the matrix material assists in the ioniZation and desorption of 
analyte moieties. The sample ?uid typically contains a 
solvent and the analyte. Once the solvent has been evapo 
rated from the substrate, the analyte remains on the substrate 
at the location Where the sample ?uid has been deposited. 
Photons from a laser strike the substrate at the location of the 
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analyte and, as a result, ions and neutral molecules are 
desorbed from the substrate. MALDI techniques are par 
ticularly useful in providing a means for ef?ciently analyZ 
ing a large number of samples. In addition, MALDI is 
especially useful in the analysis of minute amounts of 
sample that are provided over a small area of a substrate 
surface. 

[0005] Surface Enhanced Laser Desorption IoniZation 
(SELDI) is another example of a surface-based ioniZation 
technique that alloWs for high-throughput mass spectrom 
etry. SELDI uses af?nity capture reagents such as antibodies 
to collect samples from a complex mixture, Which alloWs in 
situ puri?cation of the analyte, folloWed by conventional 
MALDI analysis. Typically, SELDI is used to analyZe 
complex mixtures of proteins and other biomolecules. 
SELDI employs a chemically reactive surface such as a 
“protein chip” to interact With analytes, e.g., proteins, in 
solution. Such surfaces selectively interact With analytes and 
immobiliZe them thereon. Thus, analytes can be partially 
puri?ed on the chip and then quickly analyZed in the mass 
spectrometer. By providing different reactive moieties at 
different sites on a substrate surface, throughput may be 
increased. 

[0006] Recently, mass spectrometry techniques involving 
laser desorption have been adapted for cellular analysis. US. 
Pat. No. 5,808,300 to Caprioli, for example, describes a 
method for imaging biological samples With MALDI mass 
spectrometry. This method alloWs users to measure the 
distribution of a speci?c element or small molecule Within 
biological specimens such as tissue slices or individual cells. 
In particular, the method can be used for the speci?c analysis 
of peptides in Whole cells, e.g., by obtaining signals for 
peptides and proteins directly from tissues and blots of 
tissues. In addition, the method has been used to desorb 
relatively large proteins from tissues and blots of tissues in 
the molecular Weight range beyond about 80 kilodaltons. 
From such samples, hundreds of peptide and protein peaks 
can be recorded in the mass spectrum produced from a single 
laser-ablated site on the sample. When a laser ablates the 
surface of the sample at multiple sites and the mass spectrum 
from each site is saved separately, a data array is produced, 
Which contains the relative intensity of any given mass at 
each site. An image of the sample surface can then be 
constructed for any given molecular Weight, effectively 
representing a compositional map of the sample surface. 

[0007] One important issue to successful MALDI pro?l 
ing and imaging as described above is the application of a 
mass spectrometry matrix material to the tissue surface at 
each site of laser ablation. As described in Caprioli, the mass 
spectrometry matrix material may be applied as a continuous 
and uniform coating of less than about 50 micrometers in 
thickness. In order to apply the mass spectrometry matrix 
material in a controlled manner, carefully metered amounts 
of sample ?uids should be accurately and precisely placed 
on a sample surface. Acoustic ejection is a technique that is 
Well suited for depositing minute volumes of ?uids on a 
surface because the technique alloWs for control over droplet 
volume and thus “spot” siZe on the surface, as Well as control 
over the trajectory of ejected droplets and the precise loca 
tion of the deposition sites on the surface. See, e.g., US. 
patent application Publication No. 20020037579 to Ellson et 
al. In particular, US. patent application Ser. No. 10/087372, 
entitled “Method and System Using Acoustic Ejection for 
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Preparing and Analyzing a Cellular Sample Surface,” ?led 
Mar. 1, 2002, by inventors Ellson, MutZ, and Caprioli, 
describes the use of noZZleless acoustic ejection to deposit 
mass spectrometry matrix material at designated sites on a 
sample surface to form either a uniform matrix material 
layer or an array of individual sites. In some instances, 
different analysis-enhancing ?uids may be applied to an 
analyte to optimiZe experimental parameters. 
[0008] As With many types of samples, cellular samples 
are not typically uniform in composition, and the distribu 
tion of materials on the surface of such samples may vary. 
In addition, the sample surfaces may exhibit inhomogeneous 
morphologies. Since certain analysis-enhancing ?uids are 
appropriate for use With certain analytes, there is a need to 
selectively deposit the analysis-enhancing ?uid according to 
the surface characteristics of the cellular sample at that site. 
Acoustic ejection provides a means for carrying out such 
?uid deposition With unparalleled accuracy, precision, and 
e?iciency. 

SUMMARY OF THE INVENTION 

[0009] Accordingly, one embodiment of the invention 
relates to a method for selectively depositing an analysis 
enhancing ?uid on a sample surface. The method involves 
providing a sample having a surface that exhibits variations 
in a speci?c characteristic, Which corresponds to its desir 
ability for receiving an analysis-enhancing ?uid. Once a site 
on the sample surface has been selected according to the 
desired surface characteristic, focused radiation, typically 
acoustic radiation, is applied in a manner effective to eject 
a droplet of the analysis-enhancing ?uid from a reservoir. As 
a result, the droplet is deposited on the sample surface at the 
selected site. In some instances, a plurality of sites is 
selected, and a droplet of the analysis-enhancing ?uid is 
deposited onto each selected site. The sites may form a 
single contiguous region on the sample surface or a plurality 
of noncontiguous regions on the sample surface. Optionally, 
the sample at the selected sites is analyZed. 

[0010] Although the invention may be practiced using any 
sample having a nonuniform surface, cellular samples are 
particularly Well suited. Examples of suitable cellular 
samples include, for example, tissue samples, cell cultures, 
single cells, or a plurality of cells immobiliZed on a substrate 
surface. In addition, the invention is particularly suited for 
samples having a substantially planar surface. 
[0011] The surface characteristic corresponding to desir 
ability for receiving analysis-enhancing ?uid is typically a 
compositional or a morphological characteristic that is opti 
cally and/or acoustically detectable. For example, When the 
sample surface is a tissue sample comprised of distinct fatty 
and lean regions, it may be desirable to deposit analysis 
enhancing ?uid on only the fatty region. In such a case, the 
sites for ?uid deposition may be selected according to lipid 
and/or peptide content at the site. Thus, the analysis-enhanc 
ing ?uid may be selected according to the type of analysis 
desired. In some instances, the analysis-enhancing ?uid 
comprises a label moiety, such as one or more selected from 
the group consisting of a ?uorescent moiety, a magnetic 
moiety, and a radioactive moiety. In addition or in the 
alternative, the analysis-enhancing ?uid may contain a bio 
molecule, nucleotidic, peptidic, or otherWise. Often, an 
enZymatic biomolecule is provided to enhance breakdoWn of 
the corresponding substrate moiety on or near the sample 
surface. 
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[0012] In some instances, the sample may exhibit varia 
tions in a plurality of surface characteristics, Wherein each 
characteristic corresponds to desirability for receiving a 
different analysis-enhancing ?uid. In such a case, droplets of 
different analysis-enhancing ?uids may be deposited on the 
sample surface at the corresponding selected sites. In addi 
tion, different analysis-enhancing ?uids may be deposited on 
the sample surface at the same site. 

[0013] The invention is particularly suited for mass spec 
trometric analysis. In order to carry out a surface-based mass 
spectrometry technique, mass spectrometry matrix material 
may be deposited on the sample surface, and energy is then 
applied to the deposited matrix material to cause release of 
sample molecules from the sample surface for analysis. 
Typically, the matrix material is a photoabsorbing matrix 
material, and a photon source such as a laser is used to ioniZe 
the sample. 

[0014] Thus, the invention is also particularly suited for 
use With sample surface imaging. In some instances, a 
sample surface is imaged so as to map the variations in the 
surface characteristic, and one or more sites are selected on 
the sample surface using the results of surface imaging. 
Preferably, surface imaging results in the production of a 
digital image. Optionally, the imaging contrast of the varia 
tions in the surface characteristic is increased before the 
surface is imaged. This may involve, for example, staining 
the sample surface such that regions exhibiting the desired 
surface characteristic are more readily resolved by an imag 
ing means. 

[0015] In another embodiment, the invention provides a 
system for selectively depositing an analysis-enhancing 
?uid on a surface of a sample. The system includes a 
reservoir containing an analysis-enhancing ?uid, an acoustic 
ejector comprising an acoustic radiation generator for gen 
erating acoustic radiation and a focusing means for focusing 
the acoustic radiation generated, and a means for positioning 
the acoustic ejector in acoustic coupling relationship to the 
reservoir. Also provided is a means for selecting at least one 
site on the sample surface for deposition of analysis-enhanc 
ing ?uid thereon. Site selection is carried out according to a 
surface characteristic that corresponds to desirability for 
receiving the analysis-enhancing ?uid. The system also 
includes a means for positioning the sample such that the 
selected site or sites are positioned in droplet-receiving 
relationship to the reservoir. The sample positioning means 
may be adapted to controllably position the sample such that 
When a plurality of sites on the sample surface is selected, 
the selected sites are successively placed in droplet-receiv 
ing relationship to the reservoir. 

[0016] In some instances, the selecting means is com 
prised of a means for imaging of the sample surface so as to 
map the variations in the surface characteristic and a means 
for selecting at least one site on the sample surface using the 
results produced by the imaging means. The imaging means 
is typically adapted to produce a digital image and may, for 
example, employ a scanner or a camera. In other instances, 
an image of the sample surface that maps the variations in 
the surface characteristic is produced Without an imaging 
means. For example, a loW-resolution map of the composi 
tional characteristics of the sample could be formed based 
on performing mass spectrometry of spots from a sparse grid 
of analysis-enhancing ?uid deposited on the sample. In 
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either case, the selecting means may select sites for analysis 
enhancing ?uid deposition When the surface characteristic is 
above a threshold level, beloW a threshold level and/or When 
the surface characteristic is Within a predetermined range. 

[0017] The inventive system may further include a means 
for analyzing the composition of the sample at the selected 
site. The analyZing means may include a mass spectrometer, 
an optical detector, a radiation detector, and/or a magnetic 
detector. Ameans for applying energy to the sample surface 
may be provided as Well to effect release and ioniZation of 
sample molecules from the sample surface for analysis. For 
example, the energy applying means may include a laser 
and/or other means for bombarding the surface With pho 
tons. 

[0018] In a further embodiment, the system may include a 
plurality of reservoirs, each containing a different analysis 
enhancing ?uid. In such a case, the site selecting means may 
select sites according to a surface characteristic that corre 
sponds to desirability for receiving at least one of the 
analysis-enhancing ?uids. In addition, the sample position 
ing means positions the sample such that the selected sites 
thereon are placed successively in droplet-receiving rela 
tionship to the reservoir containing the analysis-enhancing 
?uid that corresponds to the surface characteristic at the 
selected sites. 

[0019] In still another embodiment, the selecting means 
represents an optional component of system, and the sample 
positioning means positions the sample such that at least one 
site on the sample surface exhibiting a surface characteristic 
that corresponds to desirability for receiving the analysis 
enhancing ?uid is placed in droplet-receiving relationship to 
the reservoir. This and other embodiments may be adapted 
to controllably position the sample such that When a plural 
ity of sites on the sample surface exhibits the desired surface 
characteristic, the selected sites are successively placed in 
droplet-receiving relationship to the reservoir. In addition, 
the sample positioning means may include digital informa 
tion that relates the location or locations for analysis 
enhancing ?uid deposition. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0020] The invention is described in detail beloW With 
reference to the folloWing draWings, Wherein like reference 
numerals indicate a corresponding structure throughout the 
several vieWs. The ?gures illustrate an embodiment of the 
inventive method Wherein a tissue sample is analyZed at 
selected sites through laser desorption-based mass spec 
trometry. 

[0021] FIG. 1 schematically illustrates in top vieW a tissue 
sample on a substrate, Wherein the tissue sample exhibits a 
nonuniform exposed surface. 

[0022] FIG. 2 schematically illustrates in side vieW the 
imaging of the exposed surface of the tissue sample. 

[0023] FIG. 3 schematically illustrates in side vieW the 
deposition of a ?rst analysis-enhancing ?uid on a surface of 
the tissue sample at a ?rst site selected according to a ?rst 
surface characteristic. 

[0024] FIG. 4 schematically illustrates in side vieW the 
deposition of a second analysis-enhancing ?uid on a surface 
of the tissue sample at a second site selected according to a 
second surface characteristic. 
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[0025] FIG. 5 schematically illustrates in side vieW the 
ioniZation of the sample at the tissue surface sites. 

[0026] FIG. 6 schematically illustrates in top vieW a tissue 
sample exhibiting a nonuniform upper surface having drop 
lets of different analysis-enhancing ?uids deposited thereon 
at different sites. These sites are selected according to 
speci?c surface characteristics, and the sites associated With 
each analysis-enhancing ?uid form an array. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0027] De?nitions and OvervieW 

[0028] Before describing the present invention in detail, it 
is to be understood that this invention is not limited to 
speci?c ?uids, biomolecules, or device structures, as such 
may vary. It is also to be understood that the terminology 
used herein is for the purpose of describing particular 
embodiments only, and is not intended to be limiting. 

[0029] It must be noted that, as used in this speci?cation 
and the appended claims, the singular forms “a,”“an,” and 
“the” include both singular and plural referents unless the 
context clearly dictates otherWise. Thus, for example, ref 
erence to “a reservoir” includes a plurality of reservoirs as 
Well as a single reservoir, reference to “a ?uid” includes a 
plurality of ?uids as Well as single ?uid, reference to “a 
characteristic” includes a combination of characteristics as 

Well as single characteristic, and the like. 

[0030] In describing and claiming the present invention, 
the folloWing terminology Will be used in accordance With 
the de?nitions set forth beloW. 

[0031] The terms “acoustic coupling” and “acoustically 
coupled” as used herein refer to a state Wherein an object is 
placed in direct or indirect contact With another object so as 
to alloW acoustic radiation to be transferred betWeen the 
objects Without substantial loss of acoustic energy. When 
tWo items are indirectly acoustically coupled, an “acoustic 
coupling medium” is needed to provide an intermediary 
through Which acoustic radiation may be transmitted. Thus, 
an ejector may be acoustically coupled to a ?uid, e.g., by 
immersing the ejector in the ?uid or by interposing an 
acoustic coupling medium betWeen the ejector and the ?uid 
to transfer acoustic radiation generated by the ejector 
through the acoustic coupling medium and into the ?uid. 

[0032] The terms “acoustic radiation” and “acoustic 
energy” are used interchangeably herein and refers to the 
emission and propagation of energy in the form of sound 
Waves. As With other Waveforms, acoustic radiation may be 
focused using a focusing means, as discussed beloW. 

[0033] The term “array” as used herein refers to a tWo 
dimensional arrangement of features, such as an arrange 
ment of reservoirs (e.g., Wells in a Well plate) or an arrange 
ment of ?uid droplets on a sample surface. Arrays are 
generally comprised of features regularly ordered in, for 
example, a rectilinear grid, parallel stripes, spirals, and the 
like; but nonordered arrays may be advantageously used as 
Well. An array differs from a pattern in that patterns do not 
necessarily contain regular and ordered features. 

[0034] The terms “biomolecule” and “biological mol 
ecule” are used interchangeably herein to refer to any 
organic molecule—Whether naturally occurring, recombi 
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nantly produced, or chemically synthesized in Whole or in 
part—that is, Was, or can be a part of a living organism. The 
terms encompass, for example, nucleotides, amino acids, 
and monosaccharides, as Well as oligomeric and polymeric 
species such as oligonucleotides and polynucleotides; pep 
tidic molecules such as oligopeptides, polypeptides, and 
proteins; polysaccharides such as disaccharides, oligosac 
charides, mucopolysaccharides, and peptidoglycans (pep 
tido-polysaccharides); and the like. The term also encom 
passes ribosomes, enZyme cofactors, pharmacologically 
active agents, and the like. 

[0035] It Will be appreciated that, as used herein, the terms 
“nucleoside” and “nucleotide” refer to nucleosides and 
nucleotides containing not only the conventional purine and 
pyrimidine bases, i.e., adenine (A), thymine (T), cytosine 
(C), guanine (G), and uracil (U), but also protected forms 
thereof, e.g., Wherein the base is protected With a protecting 
group such as acetyl, di?uoroacetyl, tri?uoroacetyl, isobu 
tyryl, or benZoyl, and purine and pyrimidine analogs. Suit 
able analogs Will be knoWn to those skilled in the art and are 
described in the pertinent texts and literature. The terms 
“peptide,”“peptidyl,” and “peptidic” as used throughout the 
speci?cation and claims are intended to include any struc 
ture comprised of tWo or more amino acids. For the most 
part, the peptides in the present arrays comprise about 5 to 
10,000 amino acids, preferably about 5 to 1000 amino acids. 
The amino acids forming all or a part of a peptide may be 
any of the tWenty conventional, naturally occurring amino 
acids, i.e., alanine (A), cysteine (C), aspartic acid (D), 
glutamic acid (E), phenylalanine (F), glycine (G), histidine 
(H), isoleucine (I), lysine (K), leucine (L), methionine (M), 
asparagine (N), proline (P), glutamine (Q), arginine (R), 
serine (S), threonine (T), valine (V), tryptophan (W), and 
tyrosine Any of the amino acids in the peptidic mol 
ecules forming the present arrays may be replaced by a 
nonconventional amino acid. Additional information relat 
ing to the term “biomolecule”“nucleotide” and “peptide” 
can be found in US. patent application Publication No. 
20020037579 to Ellson et al. 

[0036] The term “?uid” as used herein refers to matter that 
is nonsolid or at least partially gaseous and/or liquid. A?uid 
may contain a solid that is minimally, partially, or fully 
solvated, dispersed, or suspended. Examples of ?uids 
include, Without limitation, aqueous liquids (including Water 
per se and salt Water) and nonaqueous liquids such as 
organic solvents and the like. As used herein, the term 
“?uid” is not synonymous With the term “ink” in that an ink 
must contain a colorant and may not be gaseous. The term 
“analysis-enhancing ?uid” refers to any ?uid that may be 
required or desired for use in conjunction With an analytical 
technique. Typically, analysis-enhancing ?uids are 
employed to increase yield of useful information during 
surface analysis. 

[0037] The terms “focusing means” and “acoustic focus 
ing means” refer to a means for causing acoustic Waves to 
converge at a focal point by either a device separate from the 
acoustic energy source that acts like an optical lens, or by the 
spatial arrangement of acoustic energy sources to effect 
convergence of acoustic energy at a focal point by construc 
tive and destructive interference. A focusing means may be 
as simple as a solid member having a curved surface, or it 
may include complex structures such as those found in 
Fresnel lenses, Which employ diffraction in order to direct 
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acoustic radiation. Suitable focusing means also include 
phased array methods as knoWn in the art and described, for 
example, in Us. Pat. No. 5,798,779 to Nakayasu et al. and 
Amemiya et al. (1997) Proceedings ofthe 1997 IS&TNIP13 
International Conference on Digital Printing Technologies, 
pp. 698-702. 

[0038] The term “ion” is used in its conventional sense to 
refer to a charged atom or molecule, i.e., an atom or 
molecule that contains an unequal number of protons and 
electrons. Positive ions contain more protons than electrons, 
and negative ions contain more electrons than protons. 
Ordinarily, an ion of the present invention is singly charged, 
but may in certain instances have a multiple charge. 

[0039] Accordingly, the term “ioniZation chamber” as 
used herein refers to a chamber in Which ions are formed 
from samples—?uid or otherWise—that contain a sample 
molecule. 

[0040] The term “moiety” as used herein refers to any 
particular composition of matter, e.g., a molecular fragment, 
an intact molecule (including a monomeric molecule, an 
oligomeric molecule, or a polymer), or a mixture of mate 
rials (for example, an alloy or a laminate). 

[0041] The term “near,” as used herein refers to the 
distance from the focal point of the focused acoustic radia 
tion to the surface of the ?uid from Which a droplet is to be 
ejected and indicates that the distance should be such that the 
focused acoustic radiation directed into the ?uid results in 
droplet ejection from the ?uid surface so that one of ordinary 
skill in the art Will be able to select an appropriate distance 
for any given ?uid using straightforWard and routine experi 
mentation. Generally, hoWever, a suitable distance betWeen 
the focal point of the acoustic radiation and the ?uid surface 
is in the range of about 1 to about 15 times the Wavelength 
of the speed of sound in the ?uid, more typically in the range 
of about 1 to about 10 times that Wavelength, preferably in 
the range of about 1 to about 5 times that Wavelength. 

[0042] “Optional” or “optionally” means that the subse 
quently described circumstance may or may not occur, so 
that the description includes instances Where the circum 
stance occurs and instances Where it does not. 

[0043] The term “radiation” is used in its ordinary sense 
and refers emission and propagation of energy in the form of 
a Waveform disturbance traveling through a medium such 
that energy is transferred from one particle of the medium to 
another Without causing any permanent displacement of the 
medium itself. Thus, radiation may refer, for example, to 
electromagnetic Waveforms as Well as acoustic vibrations. 

[0044] The term “reservoir” as used herein refers to a 
receptacle or chamber for containing a ?uid. Thus, a ?uid in 
a reservoir necessarily has a free surface, i.e., a surface that 
alloWs a droplet to be ejected therefrom. A reservoir may 
also be a locus on a substrate surface Within Which a ?uid is 
constrained or held. In some instances, a reservoir may 
represent a portion, e.g., a ?uid-transporting feature of a 
micro?uidic device. 

[0045] The term “substantially” as in, for example, the 
phrase “substantially identical volume,” refers to volumes 
that do not deviate by more than 10%, preferably not more 
than 5%, more preferably not more than 1%, and most 
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preferably at most 0.1% from each other. Other uses of the 
term “substantially” involve an analogous de?nition. 

[0046] The term “substrate” as used herein refers to any 
material having a surface onto Which a sample—cellular or 
otherWise—may be placed and optionally immobilized. The 
substrate may be constructed in any of a number of forms, 
for example, Wafers, slides, Well plates, and membranes. In 
addition, the substrate may be porous or nonporous as may 
be required for deposition of a particular ?uid. Suitable 
substrate materials include, but are not limited to, supports 
that are typically used for solid phase chemical synthesis, for 
example, polymeric materials (e.g., polystyrene, polyvinyl 
acetate, polyvinyl chloride, polyvinyl pyrrolidone, polyacry 
lonitrile, polyacrylamide, polymethyl methacrylate, polytet 
ra?uoroethylene, polyethylene, polypropylene, polyvi 
nylidene ?uoride, polycarbonate, and divinylbenZene 
styrene-based polymers), agarose (e.g., Sepharose®), dext 
ran (e.g., Sephadex®), cellulosic polymers and other 
polysaccharides, silica and silica-based materials, glass (par 
ticularly controlled pore glass (CPG) and functionaliZed 
glasses), ceramics, and such substrates treated With surface 
coatings, such as microporous polymers (particularly cellu 
losic polymers such as nitrocellulose), microporous metallic 
compounds (particularly microporous aluminum), antibody 
binding proteins (available from Pierce Chemical Co., Rock 
ford, Ill.), bisphenol Apolycarbonate, or the like. Additional 
information relating to the term “substrate” can be found in 
US. patent application Publication No. 20020037579 to 
Ellson et al. 

[0047] The term “surface modi?cation” as used herein 
refers to the chemical and/or physical alteration of a surface 
by an additive or subtractive process to change one or more 
chemical and/or physical properties of a substrate surface or 
a selected site or region of a substrate surface. For example, 
surface modi?cation may involve (1) changing the Wetting 
properties of a surface, (2) functionaliZing a surface, i.e., 
providing, modifying, or substituting surface functional 
groups, (3) defunctionaliZing a surface, i.e., removing sur 
face functional groups, (4) otherWise altering the chemical 
composition of a surface, e.g., through etching, (5) increas 
ing or decreasing surface roughness, (6) providing a coating 
on a surface, e.g., a coating that exhibits Wetting properties 
that are different from the Wetting properties of the surface, 
and/or (7) depositing particulates on a surface. 

[0048] The term “tissue” as used herein refers to an 
aggregation of morphologically similar cells and associated 
intercellular matter acting together to perform one or more 
speci?c functions in a multicellular organism, e. g., a plant or 
an animal. When the tissue is from an animal, for example, 
the tissue may be muscle, nerve, epidermal, or connective. 

[0049] In general, the invention relates to a method for 
selectively depositing an analysis-enhancing ?uid on a non 
uniform sample surface that exhibits variations in a surface 
characteristic, Wherein the surface characteristic corre 
sponds to desirability for receiving an analysis-enhancing 
?uid. The surface characteristic corresponding to desirabil 
ity for receiving analysis-enhancing ?uid is typically a 
compositional or a morphological characteristic. Once a site 
on the sample surface has been selected according to the 
surface characteristic at the site, focused radiation, typically 
acoustic radiation, is applied in a manner effective to eject 
a droplet of the analysis-enhancing ?uid from a reservoir. In 
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some instances, the sample may exhibit variations in a 
plurality of surface characteristics, Wherein each character 
istic corresponds to desirability for receiving a different 
analysis-enhancing ?uid. In such a case, droplets of different 
analysis-enhancing ?uids may be deposited on the sample 
surface at the corresponding selected sites. 

[0050] Optionally, the sample at the selected site may be 
analyZed. Typical analytical techniques that bene?t from the 
invention include, but are not limited to, mass spectrometry, 
structural analysis, and microscopy. In addition, the inven 
tion is also particularly suited for use With surface imaging 
techniques. In some instances, a sample surface is imaged so 
as to map the variations in the surface characteristic, and one 
or more sites are selected on the sample surface using the 
results of the surface imaging. Preferably, a surface imaging 
results in the production of a digital image. Further option 
ally, the imaging contrast of the variations in the surface 
characteristic is increased before the surface is imaged. This 
may involve, for example, staining the sample surface such 
that regions exhibiting the desired surface characteristic are 
more readily resolved by an imaging means. 

[0051] Typically, though not necessarily, the inventive 
method may be carried out using a system for selectively 
depositing an analysis-enhancing ?uid on a surface of a 
sample. The system includes a reservoir containing an 
analysis-enhancing ?uid, an acoustic ejector comprising an 
acoustic radiation generator for generating acoustic radia 
tion and a focusing means for focusing the acoustic radiation 
generated, and a means for positioning the acoustic ejector 
in acoustic coupling relationship to the reservoir. Also 
provided is a means for selecting at least one site on the 
sample surface for deposition of analysis-enhancing ?uid 
thereon. Site selection is carried out according to a surface 
characteristic that corresponds to desirability for receiving 
the analysis-enhancing ?uid. The system also includes a 
means for positioning the sample such that the selected site 
or sites are positioned in droplet-receiving relationship to the 
reservoir. The sample positioning means may be adapted to 
controllably position the sample such that When a plurality 
of sites on the sample surface is selected, the selected sites 
are successively placed in droplet-receiving relationship to 
the reservoir. Optionally, a means for analyZing the compo 
sition of the sample at the selected site may also be provided. 

[0052] FIGS. 1-5 illustrate an embodiment of the inven 
tive method for selectively depositing and analyZing a 
cellular sample through mass spectrometry. As With all 
?gures referenced herein, in Which like parts are referenced 
by like numerals, FIGS. 1-5 are not to scale, and certain 
dimensions may be exaggerated for clarity of presentation. 
FIG. 1 illustrates an exemplary cellular sample 45 is placed 
on a substrate 46 for use With the invention. As depicted, the 
sample 45 is a tissue sample having a substantially planar 
and nonuniform surface 51. As shoWn, the surface 51 
includes tWo distinct regions, the ?rst region 51A depicted 
Without shading, and the second region 51B, depicted With 
shading. Region 51A exhibits a ?rst surface characteristic 
that corresponds to desirability for receiving a ?rst analysis 
enhancing ?uid 14 (shoWn in FIGS. 3 and 4), and region 
51B exhibits a second surface characteristic that corresponds 
to desirability for receiving a second analysis-enhancing 
?uid 16 (shoWn in FIGS. 3 and 4). 

[0053] In order to select sites on the sample according to 
desirability for receiving analysis-enhancing ?uid, it may be 



US 2002/0195558 A1 

necessary to image the sample surface. As shown in FIG. 2, 
a combination unit 80 is provided that serves as a selecting 
means and a controller. The combination unit includes an 
imaging means 82 adapted to produce a digital image of the 
sample surface 51. The digital image of the sample surface 
captured by the imaging means 82 is stored and optionally 
analyZed in the combination unit 80. As a result, one or more 
sites on the sample surface 51 may be selected according to 
the surface characteristics at the site or sites. This selection 
data, in turn, may be used in a system to selectively deposit 
?uids onto the sample surface at the sites. As depicted, once 
an image of the sample surface 51 is obtained, the combi 
nation unit, acting as a selecting means, Will determine that 
site 55 in region 51A is desirable for receiving the ?rst 
analysis-enhancing ?uid 14 and site 57 in region 51B is 
desirable for receiving the second analysis-enhancing ?uid 
16. 

[0054] An exemplary device for acoustically depositing a 
?uid on a surface of a cellular sample is shoWn in FIGS. 3 
and 4. The device is similar in construction to the acoustic 
ejection device described in US. patent application Publi 
cation No. 20020037579 to Ellson et al. and in US. patent 
application Ser. No. 10/087372, entitled “Method and Sys 
tem Using Acoustic Ejection for Preparing and AnalyZing a 
Cellular Sample.” The device 11 includes tWo reservoirs, 
although only one reservoir may be required in some 
instances. A ?rst reservoir 13 contains the ?rst analysis 
enhancing ?uid 14, and the second reservoir 15 contains the 
second analysis enhancing ?uid 16. The free surface for 
?uids 14 and 16 are indicated at 17 and 19, respectively. 
Typically, ?uids 14 and 16 are different When the surface 
characteristics of regions 51A and 51B are different. In order 
to prepare the sample surface for mass spectrometric analy 
sis, ?uids 14 and 16 each comprise a mass spectrometry 
matrix material. 

[0055] The reservoirs are shoWn in their preferred con 
struction and are substantially identical and acoustically 
indistinguishable. HoWever, identical construction is not a 
requirement. In addition, the reservoirs are shoWn as sepa 
rate removable components, but they may, if desired, be 
?xed Within a plate or other substrate. For example, the 
plurality of reservoirs may comprise individual Wells in a 
Well plate, optimally (although not necessarily) arranged in 
an array. Each of the reservoirs 13 and 15 is preferably 
axially symmetric as shoWn, having vertical Walls 21 and 23 
extending upWard from circular reservoir bases 25 and 27, 
and terminating at openings 29 and 31, respectively, 
although other reservoir shapes may be used. The material 
and thickness of each reservoir base should be such that 
acoustic radiation may be transmitted therethrough and into 
the ?uid contained Within the reservoirs. 

[0056] The device also includes an acoustic ejector 33, 
comprised of an acoustic radiation generator 35 for gener 
ating acoustic radiation and a focusing means 37 for focus 
ing the acoustic radiation at a focal point Within the ?uid 
from Which a droplet is to be ejected near the ?uid surface. 
As shoWn in FIGS. 2 and 3, the focusing means 37 may 
comprise a single solid piece having a concave surface 39 
for focusing acoustic radiation, but the focusing means may 
be constructed in other Ways as discussed beloW. The 
acoustic ejector 33 is thus adapted to generate and focus 
acoustic radiation so as to eject a droplet of ?uid from each 
of the ?uid surfaces 17 and 19 When acoustically coupled to 
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reservoirs 13 and 15, and thus to ?uids 14 and 16, respec 
tively. The acoustic radiation generator 35 and the focusing 
means 37 may function as a single unit controlled by a single 
controller, or they may be independently controlled, depend 
ing on the desired performance of the device. Typically, 
single ejector designs are preferred over multiple ejector 
designs because accuracy of droplet placement and consis 
tency in droplet siZe and velocity are more easily achieved 
With a single ejector. HoWever, the invention is not limited 
to single ejector designs. 

[0057] Any of a variety of focusing means that include 
curved surfaces or Fresnel lenses knoWn in the art may be 
employed in conjunction With the present invention. Such 
focusing means are described in US. Pat. Nos. 4,308,547 to 
Lovelady et al. and 5,041,849 to Quate et al., as Well in as 
US. Ser. Nos. 09/964,212 and 09/669,996. In addition, there 
are a number of Ways to acoustically couple the ejector to 
each individual reservoir and thus to the ?uid therein. 
Although acoustic coupling can be achieved through direct 
contact With the ?uid contained in the reservoirs, the pre 
ferred approach is to acoustically couple the ejector to the 
reservoirs and reservoir ?uids Without alloWing any portion 
of the ejector (e.g., the focusing means) to contact any of the 
?uids to be ejected. To this end, the present invention 
provides an ejector positioning means for positioning the 
ejector in controlled and repeatable acoustic coupling With 
each of the ?uids in the reservoirs to eject droplets therefrom 
Without submerging the ejector therein. 

[0058] To avoid ejector submersion, direct or indirect 
contact is typically established betWeen the ejector and the 
external surface of each reservoir. When direct contact is 
used in order to acoustically couple the ejector to each 
reservoir, it is preferred that the direct contact be Wholly 
conformal to ensure efficient acoustic energy transfer. That 
is, the ejector and the reservoir should have corresponding 
surfaces adapted for mating contact. Thus, if acoustic cou 
pling is achieved betWeen the ejector and reservoir through 
the focusing means, it is desirable for the reservoir to have 
an outside surface that corresponds to the surface pro?le of 
the focusing means. Without conformal contact, ef?ciency 
and accuracy of acoustic energy transfer may be compro 
mised. In addition, since many focusing means have a 
curved surface, the direct contact approach may necessitate 
the use of reservoirs that have a specially formed inverse 
surface. 

[0059] Optimally, acoustic coupling is achieved betWeen 
the ejector and each of the reservoirs through indirect 
contact, as illustrated in FIGS. 3 and 4. In the ?gures, an 
acoustic coupling medium 41 is placed betWeen the ejector 
33 and the base 25 of reservoir 13, With the ejector and 
reservoir located at a predetermined distance from each 
other. The acoustic coupling medium may be an acoustic 
coupling ?uid, preferably an acoustically homogeneous 
material in conformal contact With both the acoustic focus 
ing means 37 and each reservoir. In addition, it is important 
to ensure that the ?uid medium is substantially free of 
material having different acoustic properties than the ?uid 
medium itself. As shoWn, the ?rst reservoir 13 is acousti 
cally coupled to the acoustic focusing means 37 such that an 
acoustic Wave generated by the acoustic radiation generator 
is directed by the focusing means 37 into the acoustic 
coupling medium 41, Which then transmits the acoustic 
radiation into reservoir 13. 
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[0060] In operation, reservoirs 13 and 15 of the device are 
each ?lled With ?rst and second analysis-enhancing ?uids 14 
and 16, respectively, as shown in FIG. 3. The combination 
unit 80 directs the ejector positioning means 43 to position 
the acoustic ejector 33 beloW reservoir 13 and to achieve 
acoustic coupling betWeen the ejector and the reservoir 
through acoustic coupling medium 41. Cellular sample 45 is 
positioned by sample positioning means 50 above and in 
proximity to the ?rst reservoir 13 such that one surface of the 
tissue, shoWn in FIG. 1 as the exposed surface 51, faces the 
reservoir and is substantially parallel to the surface 17 of the 
?uid 14 therein. In particular, the combination unit 80 may 
direct the sample positioning means such that site 55 in 
region 51A is in position to receive a droplet of the ?rst 
analysis-enhancing ?uid 14 from reservoir 13. Once the 
ejector, the reservoir, and the tissue sample 45 are in proper 
alignment, the combination unit 80 activates acoustic radia 
tion generator 35 to produce acoustic radiation. The focusing 
means 37 directs the generated acoustic radiation to a focal 
point 47 near the ?uid surface 17 of the ?rst reservoir. As a 
result, droplet 49 is ejected from the ?uid surface 17 onto the 
?rst selected site 55 on surface 51 of the tissue sample. The 
ejected droplet may be retained on the tissue surface through 
adsorption and/or other surface effects. Frequently, the 
analysis-enhancing ?uid Will contain a volatile liquid com 
ponent, and much of the liquid component Will evaporate 
shortly after deposition. In some instances, the droplet may 
be solidi?ed on the tissue surface after contact; in such an 
embodiment, it may be necessary to maintain the tissue at a 
loW temperature, i.e., a temperature that results in droplet 
solidi?cation after contact. 

[0061] Then, as shoWn in FIG. 4, a sample positioning 
means 50 repositions the cellular sample 45 on the substrate 
46 over reservoir 15 in order to receive a droplet therefrom 
at the second selected site 57. FIG. 4 also shoWs that the 
ejector 33 has been repositioned by the ejector positioning 
means 43 beloW reservoir 15 and in acoustically coupled 
relationship thereto by virtue of acoustic coupling medium 
41. Once properly aligned as shoWn in FIG. 4, the acoustic 
radiation generator 35 of ejector 33 is activated to produce 
acoustic radiation that is then directed by focusing means 37 
to a focal point 48 Within ?uid 16 near the ?uid surface 19, 
thereby ejecting droplet 53 onto the cellular sample at the 
second selected site 57. It should be evident that such 
operation is illustrative of hoW the inventive device may be 
used to eject a plurality of ?uids from the same reservoir to 
the same or different sites, or to eject a plurality of droplets 
from a plurality of reservoirs onto the same site of the 
cellular sample surface. 

[0062] It Will be appreciated that various components of 
the device may require individual control or synchroniZation 
to deposit any ?uid to a corresponding site on a sample 
surface. For example, the ejector positioning means may be 
adapted to eject droplets from each reservoir in a predeter 
mined sequence associated With selected sites on a sample 
surface. Similarly, the means for positioning the sample With 
respect to the ejector may be adapted to position the sample 
surface to receive droplets at appropriate sites. Either or both 
positioning means (i.e., the ejector positioning means and 
the sample positioning means) may be constructed from, for 
example, motors, levers, pulleys, gears, a combination 
thereof, or other electromechanical or mechanical means 
knoWn to one of ordinary skill in the art. It is preferable to 
ensure that there is a correspondence betWeen sample move 
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ment, ejector movement, and ejector activation to alloW 
proper ?uid deposition. This correspondence may be 
achieved through the use of a controller unit, e.g., the 
combination unit 80 as described above. 

[0063] As alluded to above, the invention is particularly 
useful in mass spectrometry. The invention is especially 
suited for use in surface-based mass spectrometric tech 
niques such as MALDI. See Karas et al. (1988), “Laser 
Desorption IoniZation of Proteins With Molecular Masses 
Exceeding 10,000 Daltons,”Anal. Chem, 60:2299-2301. In 
addition, the invention may be employed in conjunction 
With a variety of surface-based mass spectrometric tech 
niques other than MALDI. For example, one variant of 
MALDI, called SELDI, uses af?nity capture reagents such 
as antibodies to collect samples from a complex mixture, 
Which alloWs in situ puri?cation of the analyte folloWed by 
conventional MALDI analysis. The invention exhibits all 
the advantages in the use of acoustic ejection as described in 
US. patent application Ser. No. 10/087372. 

[0064] FIG. 5 schematically illustrates an exemplary ion 
iZation chamber of a mass spectrometer suitable for use With 
the invention. The ioniZation chamber 60 comprises a hous 
ing 62 that contains an ioniZation region 64 and an interface 
comprising a capillary 66 and an electrode 68 for attracting 
ions toWard the capillary 66. An energy applying means 70 
in the form of a laser and a sample positioning means 50 are 
provided as Well. In operation, the substrate 46 is immobi 
liZed With respect to the positioning means 50. As shoWn, the 
tissue sample 45 has been subjected to conditions effective 
to alloW the analysis-enhancing ?uid droplets 49 and 53 to 
interact With sample surface 51 so as to render the sample 
surface suitable for analysis at the selected sites 55 and 57, 
respectively. The electrode 68 is charged, and once the ?rst 
selected site 55 and the capillary 66 are in proper alignment, 
the laser 70 is activated. As a result, ioniZed sample mol 
ecules, Which have formed at the ?rst selected site 55, are 
released into ioniZation region 64. The ions are then draWn 
toWard the electrode 68, enter the capillary 66, and are 
subsequently analyZed by mass analyZer/detector 72. 
Examples of such mass analyZers/detectors include multi 
pole detectors, e.g., quadruple detectors, Which employ a 
charged surface that attracts or repels the ioniZed sample 
molecule. The identical procedure may be carried out for 
ioniZing sample molecules at the second selected site 57. 
Additional charged surfaces (not shoWn) may be placed in 
the ioniZation chamber to direct the trajectory of ions. 

[0065] Thus, it should be evident that the acoustic ejection 
device illustrated in FIGS. 3 and 4 may share a common 
registration system With the mass spectrometer illustrated in 
FIG. 5. This ensures that the sample positioning means for 
the acoustic ejection device and the mass spectrometer can 
carry out the identical sample movement system. In turn, 
laser irradiation Will occur at precisely the selected sites. It 
should be further evident that these procedures may be 
controlled using commercially available and/or customiZed 
softWare. 

[0066] Generally, the invention may be practiced using 
any sample having a nonuniform surface. Thus, the sample 
may be comprised of organic as Well as inorganic materials. 
Examples of inorganic materials include, but are not limited 
to metals, ceramics, and semiconductors. When the sample 
is comprised of an organic material, the material may be 
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living, nonliving, or dead. Nevertheless, the cellular samples 
are particularly suited for use With the invention. The 
cellular sample may comprise nearly any type of cell in the 
present invention. For example, either or both eukaryotic 
cells and prokaryotic cells may be used. In some instances, 
cells extracted are obtained from a mammal. Suitable cell 
types include, for example, blood cells, stem cells, endot 
helial cells, epithelial cells, bone cells, liver cells, smooth 
muscle cells, striated muscle cells, cardiac muscle cells, 
gastrointestinal cells, nerve cells, and cancer cells. Such 
cells may be taken as a tissue sample. Alternatively, the 
cellular sample may comprise cells originating from a 
cultured cell line or other cultured cells. 

[0067] The cellular sample may be employed in any of a 
number of forms. Typically, the cellular sample exhibits a 
substantially planar surface. In addition, cells are typically 
immobiliZed on a substrate surface. Thus, a substrate surface 
may be selected for facile immobiliZation of a single cell or 
a plurality of cells. Such surfaces include, for example, a 
collagen-derivatiZed surface, dextran, polyacrylamide, 
nylon, polystyrene, and combinations thereof. In some 
instances, the surfaces are inherently cytophilic. In other 
instances, a cytophilic substrate surface is provided as a 
result of surface modi?cation. In any case, the cells may be 
immobiliZed on a substrate surface using conventional tech 
niques knoWn to those skilled in the art and/or as described 
in US. patent application Ser. No. 10/087,372. 

[0068] The surface characteristic corresponding to desir 
ability for receiving analysis-enhancing ?uid is typically a 
compositional or morphological characteristic. Such char 
acteristics may be optically and/or acoustically detectable. 
The detectability could may optionally be enhancing by 
staining or through the use of acoustic contrast enhancement 
?uids. 

[0069] Thus, in some embodiments, the inventive system 
may include a selecting means comprised of a means for 
imaging of the sample surface so as to map the variations in 
the surface characteristic and a means for selecting at least 
one site on the sample surface using the results produced by 
the imaging means. The imaging means is typically adapted 
to produce a digital image and may, for example, employ a 
scanner or a camera. In other instances, an image of the 
sample surface that maps the variations in the surface 
characteristic is produced Without an imaging means. In 
either case, the selecting means may select sites for analysis 
enhancing ?uid deposition When the surface characteristic is 
above a threshold level and/or When the surface character 
istic is Within a predetermined range. The selecting means 
may employ imaging technologies knoWn in the art. A 
variety of imaging softWare, ?rmWare, and hardWare are 
commercially available, as Well as microscopes and other 
image magni?cation devices suitable for providing more 
detailed resolution of surface inhomogeneities. Optionally, 
the imaging contrast of the variations in the surface char 
acteristic is increased before the surface is imaged. This may 
involve, for example, staining or labeling the sample surface 
such that regions exhibiting the desired surface characteris 
tic is more readily resolved by an imaging means. 

[0070] In some instances, the sample may exhibit varia 
tions in a plurality of surface characteristics, Wherein each 
characteristic corresponds to desirability for receiving a 
different analysis-enhancing ?uid. In such a case, droplets of 
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different analysis-enhancing ?uids may be deposited on the 
sample surface at the corresponding selected sites. In addi 
tion, different analysis-enhancing ?uids may be deposited on 
the sample surface at the same site. 

[0071] The analysis-enhancing ?uid may be selected 
according to the type of analysis desired, preferably to 
increase yield of useful information during surface analysis. 
In some instances, the analysis-enhancing ?uid comprises a 
label moiety, such as one or more selected from the group 
consisting of a ?uorescent moiety, a magnetic moiety, and a 
radioactive moiety. HoWever, it should be noted that label 
moieties does not have to be employed in conjunction With 
the analysis-enhancing ?uid; such label moieties may be 
used separately from the use of analysis-enhancing ?uid. In 
addition or in the alternative, the analysis-enhancing ?uid 
may contain biomolecules (such as peptides or nucleotides) 
and/or cellular matter (such as Whole cells and cell extracts). 
Often, the analysis-enhancing ?uid is selected to preferen 
tially interact With selected moieties on a compositionally 
nonuniform sample surface. For example, if peptidic diges 
tion is desired, then trypsin, pepsin, and other Well-known 
compounds for peptidic digestion may be included in the 
?uid. Thus, an enZymatic biomolecule such as a protease is 
provided to enhance breakdoWn of the corresponding sub 
strate moiety on or near the sample surface. 

[0072] In addition, the analysis-enhancing ?uid may com 
prise an analysis-enhancing moiety and a carrier ?uid. The 
carrier ?uid in such cases may include, for example, com 
binations of Water, acetonitrile, alcohols (such as ethanol), 
and ketones (such as acetone). Thus, it should be apparent 
that the invention may involve the ejection of ?uids of 
virtually any type and amount desired, including ?uids that 
do not enhance analysis, although at least one analysis 
enhancing ?uid is typically used. The ?uids may be aqueous 
and/or nonaqueous. Examples of ?uids include, but are not 
limited to, aqueous ?uids (including Water per se-and Water 
solvated ionic and nonionic solutions, organic solvents, and 
lipidic liquids), suspensions of immiscible ?uids, and sus 
pensions or slurries of solids in liquids. Evaporation of the 
carrier ?uid increases the local concentration of the analysis 
enhancing moiety to effect interaction betWeen the analysis 
enhancing moiety and the substrate surface. Depending on 
the type of analysis desired, any of a number of different 
types of interaction might take place betWeen the analysis 
enhancing moiety and the sample surface. For example, the 
analysis-enhancing moiety may be selected to break doWn or 
digest the constituents of the sample surface. As another 
example, the analysis-enhancing moiety may bind With 
selective moieties on the sample surface, thereby rendering 
the substrate surface suitable for analysis. Thus, analysis 
enhancing ?uids may enhance the suitability of a sample to 
be analyZed by modifying the sample surface. 

[0073] As discussed above, the invention is particularly 
suited for mass spectrometric analysis. In order to carry out 
a surface-based mass spectrometry technique such as a 
MALDI- or SELDI-type analysis, mass spectrometry matrix 
material may be deposited onto the sample surface and 
energy applied to the sample deposited matrix material to 
release sample molecules from the sample surface for analy 
sis. Typically, the matrix material is a photoabsorbing matrix 
material, and a photon source such as a laser is used to ioniZe 
the sample. Any of a number of photoabsorbing matrix 
materials knoWn in the art may be employed, and examples 
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of matrix materials for sample analysis include, but are not 
limited to, 6-aZa-2-thiothymine, caffeic acid, sinipinic acid, 
2,5-dihydroxybenZoic acid, ot-cyano-4-hydroxycinnamic 
acid, 3-hydroxypicolinic acid, 2-pyraZinecarboxylic acid, 
and combinations thereof. HoWever, energy may be applied 
by bombarding the sites With electrons and/or ions as Well. 
IoniZation and release of sample molecules may be 
enhanced through heating, directing focused acoustic energy 
to, and/or passing an electrical current through at least one 
site. Once released, the ions may be directed to a mass 
analyZer in a manner described above or through other 
knoWn techniques. Further variations relating to mass spec 
trometric analysis are described in US. patent application 
Ser. No. 10/087,372. It should be noted that mass spectro 
metric analysis for use With the present invention is not 
limited to biological materials. For example, the invention 
may be employed to improve secondary ion mass spectrom 
etry, a technique commonly used in semiconductor indus 
tries, as described in US. Pat. No. 6,291,820 to HamZa et al. 

[0074] Means other than mass spectrometry for analyZing 
the sample may be provided as Well. Such analyZing means 
may include, for example, an optical detector, a radiation 
detector, and/or a magnetic detector. In some instances, the 
invention may be used to enhance analysis of inorganic 
material. One example in Which this may be carried out is to 
selectively deposit a particular etchant on an alloy surface to 
etch a particular phase of alloy material. As another 
example, the invention may enhance strain analysis. For 
instance, US. Pat. No. 6,327,030 to Ifju et al. describes a 
method for measuring strain on a substrate material. The 
method involves preparing the substrate material for strain 
measurement by applying a luminescent coating to a sub 
strate material, curing the coating, and illuminating the 
coating With excitation illumination. Then, characteristics of 
luminescent light emanating from the coating are measured 
in order to determine strain on the substrate material. The 
characteristics of luminescent light emanating from the 
coating are related to strain on the substrate material due, at 
least in part, to a relationship betWeen the amount of strain 
on the substrate material and the morphology of cracks in the 
coating. The present invention provides a convenient tech 
nique to improve such a strain measurement method. Since 
it is knoWn that some materials exhibit preferential strain 
proliferation When they possess certain morphological char 
acteristics, e.g., surface scratches and texturing, the coating 
may be selectively applied only to regions on the substrate 
that exhibit such morphological characteristics for analysis. 
In this Way, excess coating is not Wasted through its appli 
cation to regions Where such characteristics are absent. 

[0075] It should be noted that the invention may be 
advantageously used in combination With surface mapping 
technologies, such as those described in US. Pat. No. 
5,808,300 to Caprioli and in US. patent application Ser. No. 
10/087,372. For example, FIG. 6 schematically depicts 
tissue sample 45 on a substrate 46. The exposed sample 
surface 51 is nonuniform. As shoWn, the surface 51 is 
comprised of a ?rst region 51A circumscribing a second 
region 51B. The ?rst region 51A may be, for example, 
comprised of lean tissue and the second region 51B com 
prised of lipid tissue. In such a situation, it may be desirable 
to place an analysis-enhancing ?uid on only one of the 
regions. That is, the sites for ?uid deposition may be selected 
according to lipid and/or peptide content at the site. As lipid 
tissue and lean tissue are typically optically distinguishable 
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from one another, ?uid deposition in this instance Would 
involve selecting sites on the surface according to the optical 
characteristics displayed (i.e., at the sites associated With 
either lipid or lean tissue). 

[0076] The invention provides a method that combines the 
mapping technologies as discussed above With the advan 
tages of enhancement of analysis at a selected region. An 
example of such combined use is depicted in FIG. 6, 
Wherein droplets of a ?rst analysis-enhancing ?uid, indi 
cated at 49, are deposited at a ?rst array of sites on the 
sample surface 51, and droplets of a second analysis 
enhancing ?uid, indicated at 53, are deposited at a second 
array of sites on the sample surface 51. The ?rst ?uid 
enhances peptide analysis While the second ?uid enhances 
lipid analysis. The ?rst ?uid is deposited in both regions 51A 
and 51B, While the second ?uid is deposited only Within 
region 51B. Thus, by analyZing the sample at each site 
having the ?rst ?uid deposited thereon, a map of peptide 
composition of the overall sample surface can be con 
structed. Similarly, by analyZing the sample at each site 
having the second ?uid deposited thereon, the lipidic region 
51B may be selectively analyZed. 

[0077] Thus, variations of the present invention Will be 
apparent to those of ordinary skill in the art. For example, 
the inventive system may include a plurality of reservoirs, 
each containing a different analysis-enhancing ?uid. In such 
a case, the site-selecting means may select sites according to 
a surface characteristic at the sites that correspond to desir 
ability for receiving at least one of the analysis-enhancing 
?uids. The selection of the number, siZe, and type of 
reservoirs are discussed in detail in US. patent application 
Ser. No. 10/087,372. This patent application also describes 
the ?uid volumes that typify use With the present invention. 

[0078] It is to be understood that, While the invention has 
been described in conjunction With the preferred speci?c 
embodiments thereof, the foregoing description is intended 
to illustrate and not limit the scope of the invention. Other 
aspects, advantages, and modi?cations Within the scope of 
the invention Will be apparent to those skilled in the art to 
Which the invention pertains. 

[0079] All patents, patent applications, and publications 
mentioned herein are hereby incorporated by reference in 
their entireties. 

We claim: 

1. A method for selectively depositing an analysis-en 
hancing ?uid on a sample surface, comprising: 

(a) providing a sample having a surface that exhibits 
variations in a surface characteristic, Wherein the sur 
face characteristic corresponds to desirability for 
receiving an analysis-enhancing ?uid; 

(b) selecting a site on the sample surface according to the 
surface characteristic at the site; and 

(c) applying focused radiation in a manner effective to 
eject a droplet of the analysis-enhancing ?uid from a 
reservoir to deposit the droplet on the sample surface at 
the selected site. 

2. The method of claim 1, Wherein the sample is a cellular 
sample. 
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3. The method of claim 2, wherein the cellular sample is 
selected from a tissue sample, a cell culture, a single cell, or 
a plurality of cells immobilized on a substrate surface. 

4. The method of claim 1, Wherein the sample surface is 
substantially planar. 

5. The method of claim 1, Wherein surface characteristic 
is a compositional characteristic. 

6. The method of claim 5, Wherein the compositional 
characteristic is lipid content. 

7. The method of claim 5, Wherein the compositional 
characteristic is peptide content. 

8. The method of claim 1, Wherein the surface character 
istic is a morphological characteristic. 

9. The method of claim 1, Wherein the surface character 
istic is optically detectable. 

10. The method of claim 1, Wherein the surface charac 
teristic is acoustically detectable. 

11. The method of claim 1, Wherein the applied focused 
radiation is acoustic radiation. 

12. The method of claim 1, Wherein the analysis-enhanc 
ing ?uid comprises a label moiety. 

13. The method of claim 12, Wherein the label moiety is 
selected from the group consisting of a ?uorescent moiety, 
a magnetic moiety, and a radioactive moiety. 

14. The method of claim 1, Wherein the analysis-enhanc 
ing ?uid contains a biomolecule. 

15. The method of claim 14, Wherein the biomolecule is 
peptidic or nucleotidic. 

16. The method of claim 14, Wherein the biomolecule is 
enZymatic. 

17. The method of claim 16, Wherein the enZymatic 
biomolecule is a protease. 

18. The method of claim 17, Wherein the protease is 
trypsin. 

19. The method of claim 1, Wherein the analysis-enhanc 
ing ?uid comprises a mass spectrometry matriX material. 

20. The method of claim 19, Wherein the mass spectrom 
etry matriX material is a photoabsorbing matriX material. 

21. The method of claim 1, Wherein step (b) comprises: 

(b‘) imaging the sample surface so as to map the variations 
in the surface characteristic; and 

(b“) selecting a site on the sample surface using the results 
of step (b‘). 

22. The method of claim 21, Wherein step (b‘) is carried 
out to produce a digital image. 

23. The method of claim 21, further comprising, before 
step (b‘), (b°) increasing the imaging contrast of the varia 
tions in the surface characteristic. 

24. The method of claim 23, Wherein step (b°) comprises 
staining the sample surface. 

25. The method of claim 1, Wherein a plurality of sites are 
selected, and a droplet of analysis-enhancing ?uid is depos 
ited on each selected site. 

26. The method of claim 25, Wherein the plurality of sites 
form a single contiguous region on the sample surface. 

27. The method of claim 25, Wherein the plurality of sites 
form a plurality of noncontiguous regions on the sample 
surface. 

28. The method of claim 1, further comprising, after step 
(c), (d) analyZing the sample at the selected site. 
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29. The method of claim 28, further comprising, after step 
(c) and before step (d), (c‘) applying effective energy to the 
selected site to release sample molecules from the sample 
surface for analysis. 

30. The method of claim 29, Wherein step (d) comprises 
performing mass spectrometric analysis on the sample mol 
ecules. 

31. The method of claim 1, Wherein the sample exhibits 
variations in a plurality of surface characteristics, each 
characteristic corresponds to desirability for receiving a 
different analysis-enhancing ?uid, and steps (b) and (c) are 
repeated for each surface characteristic such that droplets of 
different analysis-enhancing ?uids are deposited on the 
sample surface at the corresponding selected sites. 

32. The method of claim 31, Wherein at least one selected 
site exhibits surface characteristics such that different analy 
sis-enhancing ?uids are deposited on the sample surface at 
the at least one selected site. 

33. A system for selectively depositing an analysis-en 
hancing ?uid on a surface of a sample, comprising: 

a reservoir containing an analysis-enhancing ?uid; 

an acoustic ejector comprising an acoustic radiation gen 
erator for generating acoustic radiation and a focusing 
means for focusing the acoustic radiation generated; 

a means for positioning the acoustic ejector in acoustic 
coupling relationship to the reservoir; 

a means for selecting at least one site on the sample 
surface for deposition of analysis-enhancing ?uid 
thereon, Wherein the at least one site is selected accord 
ing to a surface characteristic at the at least one site that 
corresponds to desirability for receiving the analysis 
enhancing ?uid; 

a means for positioning the sample such that the at least 
one selected site thereon is positioned in droplet 
receiving relationship to the reservoir. 

34. The system of claim 33, Wherein the selecting means 
comprises: 

a means for imaging of the sample surface so as to map 
the variations in the surface characteristic; and 

a means for selecting at least one site on the sample 
surface using the results produced by the imaging 
means. 

35. The system of claim 34, Wherein the imaging means 
comprises a scanner. 

36. The system of claim 34, Wherein the imaging means 
comprises a camera. 

37. The system of claim 34, Wherein the imaging means 
is adapted to produce a digital image. 

38. The system of claim 33, Wherein the selecting means 
comprises: 

an image of the sample surface that maps the variations in 
the surface characteristic; and 

a means for selecting at least one site on the sample 
surface using the image of the sample surface. 

39. The system of claim 38, Wherein the image is a digital 
image. 

40. The system of claim 33, Wherein the selecting means 
selects the at least one site on the sample surface for 
analysis-enhancing ?uid deposition When the surface char 
acteristic is above a threshold level. 
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41. The system of claim 33, wherein the selecting means 
selects the at least one site on the sample surface for 
analysis-enhancing ?uid deposition When the surface char 
acteristic is Within a predetermined range. 

42. The system of claim 33, further comprising a means 
for analyZing the composition of the sample at the selected 
site. 

43. The system of claim 42, Wherein the analyZing means 
comprises a mass spectrometer. 

44. The system of claim 42, Wherein the analyZing means 
comprises a detector selected from the group consisting of 
optical detectors, ?uorescence detectors, radiation detectors, 
and magnetic detectors. 

45. The system of claim 42, further comprising a means 
for applying energy to the at least one selected site to effect 
release and ioniZation of sample molecules from the sample 
surface for analysis. 

46. The system of claim 45, Wherein the energy applying 
means comprises a means for bombarding the at least one 
selected site With photons. 

47. The system of claim 46, Wherein the photon bom 
barding means comprises a laser. 

48. The system of claim 33, Wherein the sample position 
ing means is adapted to controllably position the sample 
such that When a plurality of sites on the sample surface is 
selected, the selected sites are successively placed in drop 
let-receiving relationship to the reservoir. 

49. A system for selectively depositing a plurality of 
analysis-enhancing ?uids on a surface of a sample, com 
prising: 

a plurality of reservoirs each containing a different analy 
sis-enhancing ?uid; 

an acoustic ejector comprising an acoustic radiation gen 
erator for generating acoustic radiation and a focusing 
means for focusing the acoustic radiation generated; 

a means for positioning the acoustic ejector in acoustic 
coupling relationship to each of the reservoirs; 
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a means for selecting sites for analysis-enhancing ?uid 
deposition, Wherein the sites are selected according to 
a surface characteristic at the sites that corresponds to 
desirability for receiving at least one of the analysis 
enhancing ?uids; and 

a means for positioning the sample such that the selected 
sites thereon are placed successively in droplet-receiv 
ing relationship to the reservoir containing the analysis 
enhancing ?uid that corresponds to the surface charac 
teristic at the selected sites. 

50. A system for selectively depositing an analysis-en 
hancing ?uid on a surface of a sample, comprising: 

a reservoir containing an analysis-enhancing ?uid; 

an acoustic ejector comprising an acoustic radiation gen 
erator for generating acoustic radiation and a focusing 
means for focusing the acoustic radiation generated; 

a means for positioning the acoustic ejector in acoustic 
coupling relationship to the reservoir; 

a means for positioning the sample such that at least one 
site on the sample surface exhibiting a surface charac 
teristic that corresponds to desirability for receiving the 
analysis-enhancing ?uid is placed in droplet-receiving 
relationship to the reservoir. 

51. The system of claim 50, Wherein the sample position 
ing means is adapted to controllably position the sample 
such that When a plurality of sites on the sample surface 
eXhibits the surface characteristic, the selected sites are 
successively placed in droplet-receiving relationship to the 
reservoir. 

52. The system of claim 51, Wherein the sample position 
ing means comprises digital information relating the loca 
tion of the at least one site on the sample surface. 


